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1. System-wide Two-Dimensional Simulation Results 1

1 System-wide Two-Dimensional Simulation Results

1.1 Fast-Track Scenarios

This section presents the complete results of the one/two-dimensional hybrid simulations of the
fast-track alternative scenarios for the pools/reaches of the Snake River. The fast-track scenarios
are summarized in Table 1.1. A more detailed description of the scenarios is presented in the main
report.
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1. System-wide Two-Dimensional Simulation Results

‘Buruado a1eb youi-¢ e 01 8T pue T sAeq suwi| suianed Aem||ids prepuels a||1A8uUOY BY] .
‘leuoiesado Ajjuaing ate Tz Ajuo Ing ‘sAeq Aemj|ids gz sey AleNIIA

a0ey |rel pasiey 8T/8T 8T/8T 6T/ET (.+8T) 9T/ET
8T/8T 111dS wJogiun [11ds wioyiun [11dS wuojiun | |11dS wdogiun | |11dS psepuels 3]]1Asuuog
£e/ee €2/ £2/0
[11ds wiojiun [11ds wioyiun l1ds psepurls | [11ds waoyiun | [11ds prepuels so|led ayL
02/02 02/02 02/02 02/8T1 02/8T1
[11ds wiojiun [11ds wioyiun [11dS psepurls | |11dS waopun | [11ds plepuels Ae@ uyor
[1eA\-Aem[1dS/asnoH 1amod | [[e-Aem||idS/asnoH Jamod 2elee 22/8T (.22) 12/8T
22/2Z 111ds wiogiun 22/22 111ds wiojiun [11dS wuoyiun | |11dS wogiun | |11dS pJepuels AreNOIN
0T/0T
|11dS psepuels [11dS psepuels |11dS psepuels | []1ds wdoylun | [11dS psepuels JogJeH 89|
aoey |lel pasiey
[1e\-Aem|1dS/asnoH Jamod | [[em-Aemfids/esnoH Jamod | [[1dS waojiun 8/9 8/9 8/9
8/8 111dS wJopun 8/8 111dS wuoyiun $10J09))9d 2 | 1'dS wuopun | [11dS wiojiun | [IUSWINUOIA JamOT
aoey |1eL pasiey
[1e\-Aem|1dS/asnoH Jamod | [[em-Aemfids/esnoH Jamod | [[1dS waojiun 8/9 8/9 8/9
8/8 111dS wuopun 8/8 111dS wuojiun si0108))2d Z | 1I1dS woyiun | [ids wuopun 85009 3|1
aoey |1eL pasiey
[leM\-Aem|j1dS/asnoH Jamod | [[em-AemjidS/asnoH Jamod 8/8
[11ds wiopun [11ds wJoyun [11dS psepuels | []1dS wdoyun | [11dS piepuels | 8)UBID JaMmOT]
¥ "ON € 'ON Z 'ON T ON aulpseg | 12 fo.d

SUOIRINWIS [8POIAl SOAIRUIS]|Y Yoel]-1sed (T'T 9|qel

Battelle Pacific Northwest Division

DRAFT-1

June 28, 2000



1. System-wide Two-Dimensional Simulation Results 3

Table 1.2: Percentage of daily highest 12 hour average TDG %sat exceeding the water quality
waiver of 120% at 2-D simulation time series output location (FMS) for baseline and
longterm scenarios in a medium flow season (1996)

Location Pool Baseline Fast-Track No.1 Fast-Track No.2 Fast-Track No.3
Days % Days % Days % Days %

North LGS 7 47 38 25.3 7 4.7 38 25.3
LMN 42 28.0 42 28.0 34 22.7 35 23.3

IHR 35 233 34 22.7 21 14.0 2 1.3

MCN 14 9.3 14 9.3 14 9.3 14 9.3

JDA 85 56.7 54 36.0 38 25.3 37 24.7
TDA 41 27.3 24 16.0 41 27.3 21 14.0
BON 40 26.7 38 25.3 39 26.0 16 10.7
TID 35 233 29 19.3 34 22.7 34 22.7
Mid-Channel LGS 48 32.0 36 24.0 48 32.0 7 4.7
LMN 46 30.7 46 30.7 33 22.0 16 10.7
IHR 48 32.0 48 32.0 45 30.0 37 24.7
MCN 26 17.3 26 17.3 20 13.3 15 10.0
JDA 47 313 49 32.7 36 24.0 33 22.0
TDA 24 16.0 24 16.0 20 13.3 16 10.7

BON 37 247 35 23.3 34 22.7 8 5.3
TID 78 52.0 74 49.3 63 42.0 60 40.0
South LGS 5 33 6 4.0 5 3.3 0 0.0
LMN 39 26.0 39 26.0 33 22.0 0 0.0
IHR 58 38.7 58 38.7 57 38.0 56 37.3
MCN 34 227 34 22.7 25 16.7 13 8.7
JDA 9 60 9 6.0 8 5.3 6 4.0
TDA 11 73 11 7.3 6 4.0 4 2.7
BON 33 220 33 22.0 29 19.3 3 2.0

TID 35 233 29 19.3 32 21.3 16 10.7
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1.1.1 McNary Pool
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Figure 1.1: Time series plots of saturation at the FMS below Ice Harbor (IDSW) in McNary Pool
from the fast-track hybrid simulations compared with the 1-D simulation values in a
medium/high flow season (1996)
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1. System-wide Two-Dimensional Simulation Results

Table 1.3: Summary statistics of TDG saturation percentage of MASS2 and MASS1 time series
output for fast-track scenarios in McNary pool in a medium flow season (1996)

Location Base Line Fast-Track No.1 Fast-Track No.2 Fast-Track No.3
North number 3577.0 3577.0 3577.0 3577.0
FMS mean 113.9 113.9 113.8 113.8
median 113.0 113.0 112.9 112.9
minimum 105.1 105.1 104.7 104.4
lower quartile 111.8 111.8 111.8 111.7
upper quartile 114.8 114.8 114.8 114.7
10% exceedance 119.3 119.3 119.3 119.2
maximum 128.8 128.8 128.8 128.8
standard deviation 3.3 3.3 3.3 3.3
Mid-channel number 3577.0 3577.0 3577.0 3577.0
mean 114.2 114.2 113.7 113.0
median 113.1 113.1 112.7 112.2
minimum 103.2 103.2 102.6 102.2
lower quartile 111.3 111.3 111.0 110.5
upper quartile 117.0 117.0 115.9 114.8
10% exceedance 121.2 121.2 120.3 119.1
maximum 127.2 127.1 126.7 125.9
standard deviation 4.3 4.3 4.1 3.9
South number 3577.0 3577.0 3577.0 3577.0
mean 114.3 114.2 113.4 112.0
median 113.2 113.2 112.5 111.8
minimum 100.5 100.5 100.4 100.3
lower quartile 110.5 110.4 109.9 109.3
upper quartile 117.8 117.8 116.2 114.8
10% exceedance 123.3 123.2 121.7 118.8
maximum 127.9 127.9 126.3 123.7
standard deviation 5.7 5.7 5.3 4.7
1-D FMS number 3577.0 3577.0 3577.0 3577.0
mean 114.1 114.0 113.8 113.3
median 113.0 113.0 112.8 112.5
minimum 100.3 100.3 100.2 100.2
lower quartile 111.4 111.4 111.2 110.8
upper quartile 116.1 116.0 115.6 115.0
10% exceedance 120.4 120.1 119.9 119.1
maximum 127.9 127.0 127.5 126.8
standard deviation 3.8 3.8 3.8 3.6
Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Table 1.4: Histogram table of TDG saturation percentage of MASS2 and MASS1 time series out-
put for fast-track scenarios in McNary pool in a medium flow season (1996)

Location TDG Range  Base Line  Fast-Track No.1 Fast-Track No.2 Fast-Track No.3
Days % Days % Days % Days %

North less than 105 0 0.0 0 0.0 0 0.0 0 0.0
FMS 105 - 110 5 33 5 3.3 6 4.1 7 4.8
110-115 108 72.6 108 725 107 71.9 107 71.9

115-120 25 16.5 25 16.5 24 16.3 24 15.9

120 - 125 11 7.3 11 7.3 11 7.3 11 7.2

125-130 0 03 0 0.3 0 0.3 0 0.3

above 130 0 0.0 0 0.0 0 0.0 0 0.0

Mid-channel less than 105 1 09 1 0.9 2 1.0 2 1.3
105 - 110 14 95 15 9.9 20 13.1 28 18.9

110- 115 89 59.5 88 59.2 87 58.3 83 55.7

115-120 23 155 23 15.5 24 16.3 25 16.9

120 - 125 21 141 21 14.1 16 11.0 11 7.1

125-130 1 05 1 0.5 0 0.3 0 0.1

above 130 0 0.0 0 0.0 0 0.0 0 0.0

South less than 105 4 29 4 2.9 6 4.1 10 6.5
105 - 110 27 18.1 27 18.3 32 21.3 37 24.8

110- 115 66 44.6 67 44.8 68 455 68 45.4

115-120 22 15.1 22 14.8 22 14.5 25 16.7

120 - 125 20 13.7 20 13.6 19 12.5 10 6.5

125-130 8 56 8 5.6 3 2.1 0 0.0

above 130 0 0.0 0 0.0 0 0.0 0 0.0

1-D FMS less than 105 0 01 0 0.1 0 0.2 0 0.3
105 -110 11 7.3 12 7.8 14 9.2 20 135

110- 115 94 63.2 94 62.8 94 62.9 91 61.3

115-120 27 17.9 28 18.6 27 18.2 27 17.8

120 - 125 17 11.2 16 10.4 14 9.3 10 6.9

125-130 1 04 0 0.3 0 0.3 0 0.1

above 130 0 0.0 0 0.0 0 0.0 0 0.0
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Figure 1.3: Time series plots of saturation at the FMS below Ice Harbor (IDSW) in McNary Pool
from the fast-track hybrid simulations compared with the baseline hybrid simulation in
a medium/high flow season (1996)
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1. System-wide Two-Dimensional Simulation Results

Table 1.9: Tabular histogram of that portion of the simulated McNary pool area where daily aver-
age saturation exceeded the listed value during the Fast-Track simulations.

Baseline Medium/High Flow

Daily Average

Percent Area for Days Aver age Exceeded

Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 1.7 24.4 73.8
120 0.1 0.7 43.9 20.3 14.9 16.0 4.1 0.0 0.0
125 86.7 13.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #1 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 1.7 24.5 73.7
120 0.1 0.7 43.9 20.5 15.1 16.3 3.3 0.0 0.0
125 86.7 13.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #2 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 1.7 31.0 67.1
120 0.1 0.8 53.5 28.9 16.7 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #3 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 22.9 76.7 0.2
120 0.1 26.3 73.6 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
June 28, 2000 DRAFT-1 Battelle Pacific Northwest Division
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Table 1.10: Tabular histogram of that portion of the simulated McNary pool volume where daily

average saturation exceeded the listed value during the Fast-Track simulations.

Baseline Medium/High Flow

Daily Average

Percent Volume for Days Aver age Exceeded

Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 1.7 25.4 72.7
120 0.1 0.7 46.4 24.7 16.0 9.5 2.6 0.0 0.0
125 92.6 7.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #1 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 1.7 25.5 72.6
120 0.1 0.7 46.4 25.0 16.1 9.5 2.2 0.0 0.0
125 92.6 7.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #2 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 1.8 33.0 65.1
120 0.1 0.7 57.9 31.5 9.8 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #3 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.1 0.1 15.7 83.7 0.4
120 0.2 231 76.7 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Figure 1.8: Time series plots at the FMS below Lower Monumental (LMNW) in Ice Harbor Pool

compared with the 1-D simulation in a medium/high flow season (1996)
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Table 1.11: Summary statistics of TDG saturation percentage of MASS2 and MASS1 time series
output for fast-track scenarios in Ice Harbor pool in a medium flow season (1996)

Location Base Line Fast-Track No.1 Fast-Track No.2 Fast-Track No.3
North number 3577.0 3577.0 3577.0 3577.0
mean 110.6 110.5 109.6 107.2
median 110.4 110.3 109.2 106.3
minimum 99.0 99.0 99.0 99.0
lower quartile 102.2 102.2 102.1 102.0
upper quartile 117.6 117.6 115.8 112.0
10% exceedance 122.3 122.3 120.3 115.3
maximum 130.1 130.1 128.4 123.0
standard deviation 8.3 8.3 75 5.6
Mid-channel number 3577.0 3577.0 3577.0 3577.0
mean 112.1 112.1 1115 110.0
median 112.2 112.1 111.0 108.1
minimum 98.9 98.9 98.9 98.9
lower quartile 102.4 102.4 102.3 102.2
upper quartile 120.0 119.9 118.7 116.3
10% exceedance 125.6 125.6 124.9 123.5
maximum 131.6 131.6 1315 131.1
standard deviation 9.4 9.4 9.1 8.5
South number 3577.0 3577.0 3577.0 3577.0
FMS mean 113.4 113.4 113.3 113.0
median 112.3 112.3 111.8 111.0
minimum 99.0 99.0 99.0 99.0
lower quartile 102.5 102.5 102.5 102.4
upper quartile 123.3 123.3 123.2 123.2
10% exceedance 127.9 127.9 127.9 127.9
maximum 133.4 133.4 133.4 133.4
standard deviation 10.4 10.4 10.4 10.5
1-D FMS number 3577.0 3577.0 3577.0 3577.0
mean 111.9 111.9 110.8 109.1
median 112.1 112.0 110.4 108.0
minimum 99.0 99.0 99.0 99.0
lower quartile 102.4 102.4 102.4 102.3
upper quartile 119.8 119.8 117.7 114.9
10% exceedance 124.9 124.9 123.0 119.9
maximum 131.0 131.0 130.0 128.0
standard deviation 9.1 9.1 8.3 7.3
Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Table 1.12: Histogram table of TDG saturation percentage of MASS2 and MASS1 time series

output for fast-track scenarios in Ice Harbor pool in a medium flow season (1996)

Location TDG Range  Base Line  Fast-Track No.1 Fast-Track No.2 Fast-Track No.3
Days % Days % Days % Days %

North less than 105 55 36.8 56 37.9 57 38.0 67 44.7
105 - 110 17 114 16 10.9 23 15.3 32 21.4

110- 115 26 17.6 26 17.3 28 18.8 33 22.0

115-120 26 17.5 26 17.3 26 17.1 17 11.2

120 - 125 18 124 18 12.2 15 10.2 1 0.7

125 -130 6 4.2 6 4.2 1 0.6 0 0.0

above 130 0 01 0 0.1 0 0.0 0 0.0

Mid-channel less than 105 52 34.6 53 35.6 54 36.0 61 41.0
105 - 110 15 9.9 14 9.3 18 11.9 20 13.6

110- 115 20 13.6 20 13.5 22 14.9 24 16.4

115-120 25 16.9 25 16.7 24 16.0 20 13.5

120 - 125 20 134 20 13.3 17 115 13 8.6

125 -130 16 11.0 16 11.0 14 9.5 10 6.7

above 130 1 06 1 0.6 0 0.3 0 0.2

South less than 105 48 325 50 33.3 49 33.1 54 36.1
FMS 105 - 110 17 11.1 16 10.5 17 11.6 17 11.3
110- 115 18 124 18 12.3 18 11.9 15 9.8

115-120 15 9.8 14 9.7 14 9.2 13 8.8

120 - 125 20 13.6 20 13.6 20 13.6 20 13.4

125 -130 25 17.1 25 17.1 25 17.1 25 17.1

above 130 5 35 5 35 5 35 5 35

1-D FMS less than 105 51 34.0 52 34.9 53 35.5 61 40.9
105 - 110 16 105 15 9.9 20 13.4 23 15.2

110- 115 23 154 23 15.3 27 18.1 29 19.5

115-120 23 15.7 23 15.6 22 14.9 22 15.0

120 - 125 22 147 22 14.6 19 13.1 13 9.0

125 -130 14 94 14 94 8 5.0 1 0.6

above 130 0 03 0 0.3 0 0.0 0 0.0
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Figure 1.10: Time series plots of saturation at the FMS below Lower Monumental (LMNW) in Ice
Harbor Pool from the fast-track hybrid simulations compared with the baseline hybrid
simulation in a medium/high flow season (1996)

Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Figure 1.11: Comparision of simulated TDG saturation cumulative frequency distributions for sev-
eral points across the channel at the LMNW FMS location (SRM 41) in the Ice Harbor
Pool during a medium/high flow (1996) season.
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Table 1.17: Tabular histogram of that portion of the simulated Ice Harbor pool area where daily

average saturation exceeded the listed value during the Fast-Track simulations.

Baseline Medium/High Flow

Daily Average

Percent Area for Days Aver age Exceeded

Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
120 0.0 0.0 0.0 0.0 26.4 8.6 10.2 26.3 28.5
125 12.3 35.8 12.0 8.1 18.4 13.4 0.0 0.0 0.0
Fast-Track #1 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
120 0.0 0.0 0.0 0.0 26.7 8.8 9.9 26.4 28.1
125 11.7 36.5 12.0 8.0 18.4 13.4 0.0 0.0 0.0
Fast-Track #2 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
120 0.0 0.0 0.1 315 6.9 9.8 6.7 20.0 25.0
125 425 11.0 9.9 7.9 16.1 12.5 0.0 0.0 0.0
Fast-Track #3 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 18.6 11.3 6.4 5.3 5.3 53.2
120 38.2 4.9 5.0 5.5 3.7 34 5.0 13.2 211
125 58.3 4.6 6.5 8.0 12.0 10.5 0.0 0.0 0.0
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Table 1.18: Tabular histogram of that portion of the simulated Ice Harbor pool volume where daily
average saturation exceeded the listed value during the Fast-Track simulations.

Baseline Medium/High Flow

Daily Average
Satur ation

Percent Volume for Days Aver age Exceeded
<5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40

100
105
110
115
120
125

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 22.0 10.1 12.4 32.4 23.1
9.1 395 15.2 9.5 16.9 9.8 0.0 0.0 0.0

Fast-Track #1 Medium/High Flow

Daily Average
Satur ation

Percent Volume for Days Aver age Exceeded
<5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40

100
105
110
115
120
125

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 22.5 10.4 12.0 32.6 22.5
8.7 40.1 15.3 9.3 16.9 9.7 0.0 0.0 0.0

Fast-Track #2 Medium/High Flow

Daily Average
Saturation

Percent Volume for Days Aver age Exceeded
<5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40

100
105
110
115
120
125

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 28.1 8.4 12.2 8.6 23.7 19.0
41.2 14.2 12.7 8.9 14.1 8.9 0.0 0.0 0.0

Fast-Track #3 Medium/High Flow

Daily Average
Saturation

Percent Volume for Days Aver age Exceeded
<5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140

100
105
110
115
120
125

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 141 11.8 7.6 6.4 6.9 53.2
36.0 6.0 6.5 7.1 4.7 4.3 6.0 14.1 15.3
61.6 5.7 7.5 8.4 9.6 7.1 0.0 0.0 0.0

Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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1.1.3 Lower Monumental Pool
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Figure 1.15: Time series plots at the FMS below Little Goose (LGSW) in Lower Monumental Pool
compared with the 1-D simulation in a medium/high flow season (1996)
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Table 1.19: Summary statistics of TDG saturation percentage of MASS2 and MASS1 time series
output for fast-track scenarios in Lower Monumental pool in a medium flow season

(1996)
Location Base Line Fast-Track No.1 Fast-Track No.2 Fast-Track No.3
North number 3577.0 3577.0 3577.0 3577.0
FMS mean 110.8 110.8 109.8 109.3
median 108.2 108.0 107.7 106.6
minimum 99.1 99.1 99.1 99.1
lower quartile 101.8 101.8 101.8 101.7
upper quartile 119.0 119.0 116.8 116.5
10% exceedance 124.5 124.5 122.2 122.1
maximum 130.3 130.3 129.1 129.2
standard deviation 8.9 9.0 8.1 8.1
Mid-channel number 3577.0 3577.0 3577.0 3577.0
mean 111.2 111.2 109.9 107.9
median 109.3 109.0 108.5 105.9
minimum 99.1 99.1 99.1 99.1
lower quartile 101.8 101.8 101.8 101.7
upper quartile 119.8 119.8 116.8 113.3
10% exceedance 124.8 124.8 122.3 118.0
maximum 130.7 130.7 129.3 129.3
standard deviation 9.2 9.2 8.1 6.9
South number 3577.0 3577.0 3577.0 3577.0
mean 110.0 109.9 109.5 105.0
median 107.3 107.0 107.2 104.3
minimum 99.0 99.0 99.0 99.0
lower quartile 101.7 101.7 101.7 101.6
upper quartile 117.0 116.9 116.0 107.6
10% exceedance 123.8 123.7 122.0 110.0
maximum 130.1 130.1 129.1 120.8
standard deviation 8.6 8.6 8.0 4.0
1-D FMS number 3577.0 3577.0 3577.0 3577.0
mean 112.2 112.2 111.2 108.7
median 110.2 110.0 109.7 107.2
minimum 99.8 99.8 99.8 100.4
lower quartile 103.1 103.1 103.1 102.9
upper quartile 120.6 120.6 118.0 113.7
10% exceedance 125.8 125.8 1235 117.7
maximum 132.7 132.7 131.0 128.4
standard deviation 9.1 9.1 8.1 6.1
Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Table 1.20: Histogram table of TDG saturation percentage of MASS2 and MASS1 time series
output for fast-track scenarios in Lower Monumental pool in a medium flow season

(1996)

Location TDG Range Base Line  Fast-Track No.1 Fast-Track No.2 Fast-Track No.3
Days % Days % Days % Days %

North less than 105 53 355 54 36.2 55 36.8 66 44.0
FMS 105-110 26 17.4 25 16.9 28 19.1 20 13.1
110- 115 19 127 19 12.6 22 14.8 21 14.2

115-120 19 12.7 19 12.7 20 13.2 20 13.4

120 - 125 20 134 20 13.4 20 13.8 20 13.3

125-130 12 8.0 12 8.0 3 2.3 3 1.9

above 130 0 0.2 0 0.2 0 0.0 0 0.0

Mid-channel less than 105 54 36.0 55 37.0 56 375 68 45.7
105 - 110 22 15.1 22 14.6 24 16.0 30 20.2

110 - 115 17 115 17 11.2 24 15.8 22 14.6

115-120 19 131 19 12.8 22 14.5 20 13.3

120 - 125 23 15.2 23 15.2 21 13.9 8 5.5

125 - 130 13 8.9 13 8.9 3 2.3 1 0.7

above 130 0 03 0 0.3 0 0.0 0 0.0

South less than 105 57 38.0 59 39.5 57 38.0 81 54.3
105 - 110 28 185 27 18.1 28 18.6 54 36.0

110 - 115 21 139 20 13.7 23 15.4 9 6.2

115-120 17 11.2 15 10.3 21 14.0 5 3.5

120 - 125 17 11.3 17 11.3 17 11.4 0 0.1

125-130 10 7.0 10 7.0 4 2.5 0 0.0

above 130 0 0.0 0 0.0 0 0.0 0 0.0

1-D FMS less than 105 50 334 50 33.6 50 33.6 59 39.4
105 - 110 24 16.2 24 16.4 26 17.4 32 21.6

110 - 115 17 117 17 11.6 22 14.9 27 18.1

115-120 18 12.0 18 11.8 24 15.9 25 17.0

120 - 125 21 13.9 20 13.7 19 12.6 5 3.7

125-130 18 12.2 18 12.2 8 5.2 0 0.3

above 130 1 06 1 0.6 0 0.3 0 0.0

June 28, 2000 DRAFT-1 Battelle Pacific Northwest Division
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Figure 1.17: Time series plots of saturation at the FMS below Little Goose (LGSW) in Ice Har-
bor Pool from the fast-track hybrid simulations compared with the baseline hybrid
simulation in a medium/high flow season (1996)

Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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1. System-wide Two-Dimensional Simulation Results

Table 1.25: Tabular histogram of that portion of the simulated Lower Monumental pool area where
daily average saturation exceeded the listed value during the Fast-Track simulations.

Baseline Medium/High Flow

Daily Average

Percent Area for Days Aver age Exceeded

Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 99.6
120 0.0 0.1 0.3 0.2 26.8 64.6 8.0 0.0 0.0
125 22.4  70.7 6.9 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #1 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.3 99.6
120 0.0 0.1 0.3 0.4 31.8 61.1 6.3 0.0 0.0
125 23.0 70.1 6.8 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #2 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 0.3 21.6 78.1
120 0.0 0.3 1.7 98.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #3 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 9.1 4.1 6.3 5.3 6.7 68.6
115 0.0 426 3.9 4.4 9.8 6.9 13.7 185 0.1
120 63.9 10.0 19.6 6.5 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
June 28, 2000 DRAFT-1 Battelle Pacific Northwest Division
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Table 1.26: Tabular histogram of that portion of the simulated Lower Monumental pool volume
where daily average saturation exceeded the listed value during the Fast-Track simula-

tions.
Baseline Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 99.7
120 0.0 0.1 0.3 0.1 23.1 69.9 6.6 0.0 0.0
125 22.4 717 5.9 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #1 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 99.7
120 0.0 0.1 0.3 0.2 30.0 64.3 5.1 0.0 0.0
125 229 713 5.8 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #2 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 0.2 16.1 83.6
120 0.0 0.2 0.7 99.1 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #3 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 5.9 3.2 5.2 4.5 6.9 74.4
115 00 411 5.0 6.2 13.0 8.6 13.6 12.4 0.1
120 70.4 104 15.1 4.1 0.0 0.0 0.0 0.0 0.0
25— — 00 06 0.0 0.6 6.0 66 00 8.0
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1.1.4 Little Goose Pool
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Table 1.27: Summary statistics of TDG saturation percentage of MASS2 and MASS1 time series
output for fast-track scenarios in Little Goose pool in a medium flow season (1996)

Location Base Line Fast-Track No.1 Fast-Track No.2 Fast-Track No.3
North number 3577.0 3577.0 3577.0 3577.0
FMS mean 108.8 111.3 108.8 111.3
median 109.4 110.8 109.4 110.4
minimum 99.7 99.6 99.7 99.7
lower quartile 102.2 102.2 102.2 102.1
upper quartile 113.3 118.8 113.3 118.7
10% exceedance 117.5 123.5 117.5 123.5
maximum 123.8 131.2 123.8 131.2
standard deviation 6.1 8.8 6.1 8.8
Mid-channel number 3577.0 3577.0 3577.0 3577.0
mean 111.8 110.6 111.8 106.1
median 109.8 109.6 109.8 103.8
minimum 99.5 994 99.5 98.9
lower quartile 102.0 102.0 102.0 101.9
upper quartile 120.4 117.6 120.4 109.1
10% exceedance 126.0 123.1 126.0 112.7
maximum 134.7 131.2 134.7 128.0
standard deviation 9.9 8.6 9.9 5.7
South number 3577.0 3577.0 3577.0 3577.0
mean 104.0 104.1 104.0 102.3
median 102.0 102.0 102.0 101.7
minimum 98.7 98.7 98.7 98.7
lower quartile 101.2 101.2 101.2 100.8
upper quartile 103.8 103.7 103.8 102.4
10% exceedance 109.8 109.8 109.8 107.6
maximum 125.0 130.7 125.0 114.0
standard deviation 5.2 5.7 5.2 2.7
1-D FMS number 3577.0 3577.0 3577.0 3577.0
mean 109.3 109.1 109.3 106.3
median 109.1 109.0 109.1 106.4
minimum 99.6 99.6 99.6 99.6
lower quartile 102.1 102.1 102.1 102.0
upper quartile 114.5 114.2 114.5 109.7
10% exceedance 119.3 119.0 119.3 111.6
maximum 130.4 131.0 130.4 1215
standard deviation 7.4 7.3 7.4 4.6
Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Table 1.28: Histogram table of TDG saturation percentage of MASS2 and MASS1 time series

output for fast-track scenarios in Little Goose pool in a medium flow season (1996)

Location TDG Range  Base Line  Fast-Track No.1 Fast-Track No.2 Fast-Track No.3
Days % Days % Days % Days %

North less than 105 55 36.8 59 39.8 55 36.8 58 39.0
FMS 105 - 110 27 18.3 14 9.2 27 18.3 15 10.4
110- 115 41 27.3 13 9.0 41 27.3 13 9.0

115-120 22 146 33 22.1 22 14.6 33 22.1

120 - 125 4 3.0 20 13.4 4 3.0 20 13.1

125 -130 0 0.0 9 6.2 0 0.0 9 6.1

above 130 0 00 0 0.3 0 0.0 0 0.3

Mid-channel less than 105 61 41.1 62 41.3 61 41.1 85 56.8
105 - 110 14 95 15 9.9 14 9.5 36 23.9

110- 115 13 8.6 21 13.8 13 8.6 18 12.0

115-120 22 15.0 26 17.2 22 15.0 4 2.9

120 - 125 21 14.0 18 11.9 21 14.0 4 2.8

125 -130 13 84 8 5.6 13 8.4 2 1.7

above 130 5 34 0 0.3 5 3.4 0 0.0

South lessthan 105 115 77.2 115 77.2 115 77.2 130 87.1
105 - 110 20 13.3 20 13.2 20 13.3 16 10.8

110- 115 4 29 5 35 4 2.9 3 2.1

115-120 4 27 3 1.7 4 2.7 0 0.0

120 - 125 6 3.9 3 1.9 6 3.9 0 0.0

125 - 130 0 0.0 4 2.4 0 0.0 0 0.0

above 130 0 00 0 0.0 0 0.0 0 0.0

1-D FMS less than 105 61 40.7 62 41.4 61 40.7 66 44.0
105 - 110 21 14.3 22 14.6 21 14.3 51 34.0

110- 115 33 221 32 21.8 33 22.1 26 17.2

115-120 22 146 21 14.3 22 14.6 7 4.5

120 - 125 6 4.4 6 4.1 6 4.4 0 0.3

125 -130 6 3.9 5 3.6 6 3.9 0 0.0

above 130 0 01 0 0.1 0 0.1 0 0.0

June 28, 2000 DRAFT-1 Battelle Pacific Northwest Division
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995

Figure 1.24: Time series plots of saturation at the FMS below Lower Granite (LGNW) in Little
Goose Pool from the fast-track hybrid simulations compared with the baseline hybrid
simulation in a medium/high flow season (1996)
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1. System-wide Two-Dimensional Simulation Results

Table 1.33: Tabular histogram of that portion of the simulated Little Goose pool area where daily
average saturation exceeded the listed value during the Fast-Track simulations.

Baseline Medium/High Flow

Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.4 99.4
110 0.0 0.4 1.3 2.9 5.3 5.4 7.5 4.9 72.3
115 0.7 113 21.7 4.9 3.6 5.1 5.9 8.1 38.6
120 3.8 448 12.5 314 3.2 1.3 1.1 0.9 1.1
125 53.8 42.6 1.4 1.6 0.4 0.2 0.0 0.0 0.0
Fast-Track #1 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.6 99.2
110 0.0 0.1 1.6 2.5 9.2 5.7 5.5 5.1 70.4
115 0.2 16.1 19.7 4.3 3.8 6.5 4.5 6.9 38.0
120 1.3 48.1 10.8 18.3 11.2 10.3 0.0 0.0 0.0
125 549 451 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fast-Track #2 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.4 99.4
110 0.0 0.4 1.3 2.9 5.3 5.4 7.5 4.9 72.3
115 0.7 113 21.7 4.9 3.6 5.1 5.9 8.1 38.6
120 3.8 448 12.5 314 3.2 1.3 1.1 0.9 1.1
125 53.8 426 1.4 1.6 0.4 0.2 0.0 0.0 0.0
Fast-Track #3 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.2 17.0 10.4 4.3 2.3 65.8
110 23.4 16.9 8.1 3.6 2.3 2.5 2.1 2.6 38.5
115 49.3 16.3 4.3 5.2 5.3 3.8 4.6 3.3 8.0
120 65.2 20.7 4.3 4.7 1.9 3.1 0.0 0.0 0.0
125 90.7 9.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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1. System-wide Two-Dimensional Simulation Results 67

Table 1.34: Tabular histogram of that portion of the simulated Little Goose pool volume where
daily average saturation exceeded the listed value during the Fast-Track simulations.

Baseline Medium/High Flow

Daily Average

Percent Volume for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 99.6
110 0.0 0.3 0.8 1.8 3.0 4.0 6.3 4.7 79.0
115 0.5 7.1 19.2 4.9 3.5 5.3 7.4 10.4 41.7
120 2.7 39.6 15.9 33.6 3.6 1.3 1.2 1.0 1.1
125 43.9 52.2 15 1.7 0.4 0.3 0.0 0.0 0.0

Fast-Track #1 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.3 99.5
110 0.0 0.1 1.0 1.3 6.0 4.6 5.0 51 77.0
115 0.2 104 18.5 4.5 4.2 7.8 6.1 9.5 38.6
120 0.8 437 14.9 22.9 9.4 8.2 0.0 0.0 0.0
125 54.3 45.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Fast-Track #2 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 99.6
110 0.0 0.3 0.8 1.8 3.0 4.0 6.3 4.7 79.0
115 0.5 7.1 19.2 4.9 3.5 5.3 7.4 10.4 41.7
120 2.7 39.6 15.9 33.6 3.6 1.3 1.2 1.0 1.1
125 43.9 522 1.5 1.7 0.4 0.3 0.0 0.0 0.0

Fast-Track #3 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.3 11.4 8.6 4.0 2.2 73.5
110 17.0 16.0 9.3 4.6 3.1 3.4 2.9 3.7 40.0
115 44,1 21.8 5.9 7.0 5.4 3.6 3.5 2.5 6.3
120 66.1 23.1 3.5 3.6 1.6 2.1 0.0 0.0 0.0
125 92.5 7.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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68 1. System-wide Two-Dimensional Simulation Results

1.2 Long Term Scenarios

This section presents the complete results of the one/two-dimensional hybrid simulations of the
long term alternative scenarios for the pools/reaches of the Snake River. The fast-track scenarios
are summarized in Table 1.1. A more detailed description of the scenarios is presented in the main
report.
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Table 1.35: Individual project modifications for the long term system-wide scenarios.

Scenario
Project Long Term #1 Long Term #2 Long Term #3
Bonneville Fast-Track #4 Fast-Track #4 Submerged Radial Gates
Uniform Spill
The Dalles Fast-Track #3 Fast-Track #3 Fast-Track #3
John Day Additional Bays (6) Additional Bays (6) Additional Bays (6)
Nonuniform Spill*>  Nonuniform Spill? Nonuniform Spill?
McNary Fast-Track #3 Additional Bays (9) Additional Bays (9)
Uniform Spill Uniform Spill
Ice Harbor Fast-Track #1 Fast-Track #1 Divider Wall Only
Uniform Spill
Lower Monumental Fast-Track #3 Fast-Track #3 Additional Bays (9)
Divider Wall
Uniform Spill
Little Goose Fast-Track #3 Additional Bays (9) Additional Bays (9)
Divider Wall Divider Wall
Uniform Spill Uniform Spill
Lower Granite Additional Bays (9) Additional Bays (9) Additional Bays (9)
Divider Wall Divider Wall
Uniform Spill Uniform Spill Uniform Spill

aThe additional bays would be opened first, one at a time, up to a flow of 6300 cfs. After all new bays are open,

spill would be distributed evenly over the original 20 bays.

Battelle Pacific Northwest Division
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70 1. System-wide Two-Dimensional Simulation Results

Table 1.36: Percentage of daily highest 12 hour average TDG %sat exceeding the water quality
waiver of 120% at 2-D simulation time series output location (FMS) for baseline and
longterm scenarios in a medium flow season (1996)

Location Pool Baseline Longterm No.1 Longterm No.2 Longterm No.3
Days % Days % Days % Days %

North LGS 7 47 0 0.0 0 0.0 0 0.0
LMN 42 28.0 35 23.3 0 0.0 0 0.0

IHR 35 233 1 0.7 0 0.0 0 0.0

MCN 14 9.3 13 8.7 12 8.0 11 7.3

JDA 85 56.7 38 25.3 0 0.0 0 0.0

TDA 41 27.3 4 2.7 4 2.7 4 2.7

BON 40 26.7 13 8.7 9 6.0 9 6.0

TID 35 233 13 8.7 6 4.0 0 0.0

Mid-Channel LGS 48 32.0 0 0.0 0 0.0 0 0.0
LMN 46 30.7 15 10.0 0 0.0 1 0.7

IHR 48 32.0 29 19.3 23 15.3 3 2.0

MCN 26 17.3 12 8.0 8 5.3 0 0.0

JDA 47 31.3 36 24.0 19 12.7 19 12.7

TDA 24 16.0 3 2.0 3 2.0 3 2.0

BON 37 24.7 6 4.0 2 1.3 2 1.3

TID 78 52.0 40 26.7 40 26.7 0 0.0

South LGS 5 33 0 0.0 0 0.0 0 0.0
LMN 39 26.0 0 0.0 0 0.0 0 0.0

IHR 58 38.7 42 28.0 42 28.0 0 0.0

MCN 34 22.7 13 8.7 3 2.0 0 0.0

JDA 9 6.0 6 4.0 6 4.0 1 0.7

TDA 11 7.3 6 4.0 0 0.0 0 0.0

BON 33 22.0 3 2.0 0 0.0 0 0.0

TID 35 233 6 4.0 3 2.0 0 0.0
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1.2.1 McNary Pool
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McNary pool, River Mite = 6.0 , North Bank

MeNary pool, FMS River Mile = 6.0 , North Bank
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Figure 1.29: Time series plots at the FMS below L.ittle Goose (LGSW) in Lower Monumental pool
compared with the 1-D simulation in a medium/high flow season (1996) for long term

scenarios.
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74 1. System-wide Two-Dimensional Simulation Results

Table 1.37: Summary statistics of TDG saturation percentage of MASS2 and MASS1 time series
output for longterm scenarios in McNary pool in a medium flow season (1996)

Location Base Line Longterm No.1 Longterm No.2 Longterm No.3
North number 3577.0 3577.0 3577.0 3577.0
FMS mean 113.9 113.7 113.7 112.1
median 113.0 112.9 112.9 111.0
minimum 105.1 105.2 105.2 102.1
lower quartile 111.8 111.7 111.6 109.5
upper quartile 114.8 114.7 114.7 113.7
10% exceedance 119.3 119.0 119.0 118.5
maximum 128.8 127.7 127.6 127.4
standard deviation 3.3 3.2 3.2 3.8
Mid-channel number 3577.0 3577.0 3577.0 3577.0
mean 114.2 112.7 112.2 108.1
median 113.1 112.1 111.9 107.2
minimum 103.2 101.8 101.8 101.0
lower quartile 111.3 110.3 109.6 105.5
upper quartile 117.0 114.5 114.0 110.6
10% exceedance 121.2 118.7 117.8 114.0
maximum 127.2 125.0 124.6 118.5
standard deviation 4.3 3.8 3.7 3.6
South number 3577.0 3577.0 3577.0 3577.0
mean 114.3 111.8 110.9 106.5
median 113.2 1115 111.1 105.6
minimum 100.5 100.3 100.4 99.0
lower quartile 110.5 109.0 108.0 103.1
upper quartile 117.8 114.4 113.6 110.1
10% exceedance 123.3 118.4 116.6 112.8
maximum 127.9 123.4 121.8 116.5
standard deviation 5.7 4.6 4.2 4.2
1-D FMS number 3577.0 3577.0 3577.0 3577.0
mean 114.1 113.2 112.8 110.0
median 113.0 112.4 112.2 109.0
minimum 100.3 100.1 100.1 99.6
lower quartile 111.4 110.7 110.4 107.5
upper quartile 116.1 114.8 114.4 112.0
10% exceedance 120.4 118.8 118.2 116.0
maximum 127.9 125.9 125.6 122.5
standard deviation 3.8 35 3.4 3.6
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Table 1.38: Histogram table of TDG saturation percentage of MASS2 and MASS1 time series
output for longterm scenarios in McNary pool in a medium flow season (1996)

Location TDG Range Base Line  Longterm No.1 Longterm No.2 Longterm No.3
Days % Days % Days % Days %

North less than 105 0 0.0 0 0.0 0 0.0 1 0.5
FMS 105 - 110 5 33 7 5.0 8 5.6 47 31.6
110- 115 108 72.6 107 715 106 711 71 47.9

115-120 25 16.5 25 16.8 25 16.7 21 14.3

120 - 125 11 7.3 10 6.5 9 6.3 8 5.4

125-130 0 03 0 0.3 0 0.3 0 0.3

above 130 0 0.0 0 0.0 0 0.0 0 0.0

Mid-channel less than 105 1 09 2 1.2 2 14 28 18.6
105-110 14 95 31 20.5 39 26.4 80 53.7

110- 115 89 59.5 83 55.5 79 52.8 32 21.1

115-120 23 155 25 16.8 24 15.9 10 6.6

120 - 125 21 141 9 5.9 5 3.4 0 0.0

125-130 1 05 0 0.0 0 0.0 0 0.0

above 130 0 0.0 0 0.0 0 0.0 0 0.0

South less than 105 4 29 10 6.8 14 9.3 69 46.0
105-110 27 18.1 38 25.7 46 31.1 43 28.8

110- 115 66 44.6 69 46.4 66 44.4 35 23.3

115-120 22 151 23 15.3 21 14.4 3 1.9

120 - 125 20 137 9 5.8 1 0.9 0 0.0

125-130 8 56 0 0.0 0 0.0 0 0.0

above 130 0 0.0 0 0.0 0 0.0 0 0.0

1-D FMS less than 105 0 01 0 0.3 0 0.3 5 3.4
105-110 11 7.3 22 14.8 28 18.6 91 61.1

110- 115 94 63.2 91 61.3 89 59.7 32 21.4

115-120 27 17.9 26 17.6 25 17.0 20 13.6

120 - 125 17 11.2 9 5.9 6 4.3 1 0.6

125-130 1 04 0 0.1 0 0.1 0 0.0

above 130 0 0.0 0 0.0 0 0.0 0 0.0

Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Figure 1.31: Time series plots of saturation at the FMS below Ice Harbor (IDSW) in McNary Pool
from the long term hybrid simulations compared with the baseline hybrid simulation

in a medium/high flow season (1996)
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Table 1.43: Tabular histogram of that portion of the simulated McNary pool area where daily av-
erage saturation exceeded the listed value during the Long Term simulations.

Baseline Medium/High Flow

Daily Average

Percent Area for Days Average Exceeded

Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 1.7 24.4 73.8
120 0.1 0.7 43.9 20.3 14.9 16.0 4.1 0.0 0.0
125 86.7 13.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Long Term #1 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 56.0 44.0 0.0
120 0.0 61.3 38.7 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Long Term #2 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 15.9 27.4 30.6 26.1 0.0
120 323 331 34.6 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Long Term #3 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded
Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.0 74.0
115 23.4 6.8 9.5 9.9 19.4 22.7 6.6 1.6 0.0
120 67.8 26.4 5.8 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Table 1.44: Tabular histogram of that portion of the simulated McNary pool volume where daily
average saturation exceeded the listed value during the Long Term simulations.

Baseline Medium/High Flow

Daily Average

Percent Volume for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.1 1.7 25.4 72.7
120 0.1 0.7 46.4 24.7 16.0 9.5 2.6 0.0 0.0
125 92.6 7.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Long Term #1 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 54.0 46.0 0.0
120 0.0 60.6 39.4 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Long Term #2 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 9.3 30.5 32.4 27.9 0.0
120 26.2 38.1 35.7 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Long Term #3 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.5 83.5
115 14.8 6.5 11.6 13.6 19.8 24.9 7.0 1.9 0.0
120 65.5 275 7.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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1.2.2 IceHarbor Pool
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Figure 1.36: Time series plots at the FMS below Little Goose (LGSW) in Lower Monumental pool
compared with the 1-D simulation in a medium/high flow season (1996) for long term
scenarios.
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Table 1.45: Summary statistics of TDG saturation percentage of MASS2 and MASS1 time series
output for longterm scenarios in Ice Harbor pool in a medium flow season (1996)

Location Base Line Longterm No.1 Longterm No.2 Longterm No.3
North number 3577.0 3577.0 3577.0 3577.0
mean 110.6 106.8 105.0 105.5
median 110.4 105.9 104.5 105.0
minimum 99.0 99.0 99.0 99.0
lower quartile 102.2 102.0 101.9 102.0
upper quartile 117.6 111.2 108.1 108.9
10% exceedance 122.3 114.2 109.9 110.8
maximum 130.1 122.5 116.1 116.6
standard deviation 8.3 5.2 3.5 3.9
Mid-channel number 3577.0 3577.0 3577.0 3577.0
mean 112.1 109.0 107.8 106.8
median 112.2 107.5 105.5 105.7
minimum 98.9 98.9 98.9 98.9
lower quartile 102.4 102.2 102.1 102.2
upper quartile 120.0 114.1 111.9 110.4
10% exceedance 125.6 120.8 119.0 114.7
maximum 131.6 129.8 129.2 125.0
standard deviation 9.4 7.5 7.0 5.4
South number 3577.0 3577.0 3577.0 3577.0
FMS mean 113.4 111.2 111.0 107.6
median 112.3 108.2 107.4 106.6
minimum 99.0 99.0 99.0 99.0
lower quartile 102.5 102.3 102.2 102.4
upper quartile 123.3 119.4 119.4 112.3
10% exceedance 127.9 125.9 125.9 115.6
maximum 133.4 131.9 131.9 121.3
standard deviation 10.4 9.6 9.7 5.5
1-D FMS number 3577.0 3577.0 3577.0 3577.0
mean 111.9 108.8 107.7 106.4
median 112.1 107.7 105.8 105.8
minimum 99.0 99.0 99.0 99.0
lower quartile 102.4 102.3 102.2 102.3
upper quartile 119.8 114.2 112.7 110.2
10% exceedance 124.9 119.4 117.4 113.1
maximum 131.0 127.8 125.2 119.5
standard deviation 9.1 7.1 6.3 4.6

June 28, 2000 DRAFT-1 Battelle Pacific Northwest Division
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Table 1.46: Histogram table of TDG saturation percentage of MASS2 and MASS1 time series
output for longterm scenarios in Ice Harbor pool in a medium flow season (1996)

Location TDG Range Base Line  Longterm No.1 Longterm No.2 Longterm No.3
Days % Days % Days % Days %

North less than 105 55 36.8 68 45.7 81 54.6 74 49.6
105-110 17 114 35 23.2 54 36.2 51 34.0

110- 115 26 17.6 36 24.1 13 8.9 24 16.0

115-120 26 175 10 6.5 0 0.3 1 0.5

120 - 125 18 124 1 0.4 0 0.0 0 0.0

125-130 6 4.2 0 0.0 0 0.0 0 0.0

above 130 0 0.1 0 0.0 0 0.0 0 0.0

Mid-channel less than 105 52 34.6 63 42.2 70 47.1 68 46.0
105-110 15 938 25 16.8 33 22.2 40 27.1

110- 115 20 13.7 28 19.0 22 14.6 26 17.6

115-120 25 16.9 16 10.9 11 7.5 12 7.7

120 - 125 20 134 11 7.5 9 6.3 2 1.6

125-130 16 11.0 5 3.6 3 2.3 0 0.0

above 130 1 06 0 0.0 0 0.0 0 0.0

South less than 105 48 325 58 39.2 63 42.4 63 42.0
FMS 105-110 17 11.2 23 15.6 20 13.3 33 22.3
110- 115 18 124 11 7.7 10 6.9 35 23.8

115-120 15 9.8 20 135 20 13.4 17 11.7

120 - 125 20 136 17 11.7 17 11.7 0 0.2

125-130 25 171 17 11.3 17 11.3 0 0.0

above 130 5 35 1 1.0 1 1.0 0 0.0

1-D FMS less than 105 51 34.0 62 41.7 68 45.6 67 45.1
105-110 16 105 24 16.1 30 20.0 43 28.7

110- 115 23 154 28 18.8 26 17.8 34 22.7

115-120 23 15.7 22 14.9 19 12.4 5 3.4

120 - 125 22 147 12 8.2 6 4.1 0 0.0

125-130 14 94 1 0.4 0 0.0 0 0.0

above 130 0 03 0 0.0 0 0.0 0 0.0

Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Figure 1.38: Time series plots of saturation at the FMS below Lower Monumental (LMNW) in
Ice Harbor Pool from the long term hybrid simulations compared with the baseline
hybrid simulation in a medium/high flow season (1996)
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Figure 1.39: Comparision of simulated TDG saturation cumulative frequency distributions for sev-
eral points across the channel at the LMNW FMS location (SRM 41) in the Ice Harbor
Pool during a medium/high flow (1996) season.
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1. System-wide Two-Dimensional Simulation Results 101

Table 1.51: Tabular histogram of that portion of the simulated Ice Harbor pool area where daily
average saturation exceeded the listed value during the Long Term simulations.

Baseline Medium/High Flow

Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
120 0.0 0.0 0.0 0.0 26.4 8.6 10.2 26.3 28.5
125 12.3 35.8 12.0 8.1 18.4 13.4 0.0 0.0 0.0

Long Term #1 Medium/High Flow

Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 27.2 9.0 4.6 7.0 4.7 10.7 36.7
120 47.0 5.4 3.4 6.4 55 11.3 11.3 9.7 0.0
125 67.5 8.7 13.2 10.6 0.0 0.0 0.0 0.0 0.0

Long Term #2 Medium/High Flow

Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 21.0 7.6 4.7 3.2 3.2 60.2
115 39.7 3.9 3.0 3.5 2.9 4.1 3.7 8.8 30.5
120 55.6 2.9 3.4 5.7 4.8 13.4 6.2 7.9 0.0
125 70.9 10.0 9.5 9.7 0.0 0.0 0.0 0.0 0.0

Long Term #3 Medium/High Flow

Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 14.3 13.3 10.5 8.6 53.3
115 53.6 149 25.2 4.1 1.0 1.3 0.0 0.0 0.0
120 98.9 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Battelle Pacific Northwest Division DRAFT-1 June 28, 2000



102

1. System-wide Two-Dimensional Simulation Results

Table 1.52: Tabular histogram of that portion of the simulated Ice Harbor pool volume where daily
average saturation exceeded the listed value during the Long Term simulations.

Baseline Medium/High Flow

Daily Average

Percent Volume for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
120 0.0 0.0 0.0 0.0 22.0 10.1 12.4 32.4 23.1
125 9.1 395 15.2 9.5 16.9 9.8 0.0 0.0 0.0

Long Term #1 Medium/High Flow

Daily Average
Satur ation

Percent Volume for Days Aver age Exceeded
<5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40

100
105
110
115
120
125

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 23.0 10.6 5.7 8.7 6.1 13.6 32.2
47.0 7.0 4.3 8.1 6.4 11.2 9.1 6.9 0.0
72.6 9.8 10.0 7.7 0.0 0.0 0.0 0.0 0.0

Long Term #2 Medium/High Flow

Daily Average
Saturation

Percent Volume for Days Aver age Exceeded
<5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40

100
105
110
115
120
125

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 16.4 7.9 5.7 4.0 3.7 62.3
37.8 4.9 3.8 4.5 3.7 5.2 4.7 10.3 25.2
58.1 3.7 4.1 6.6 5.6 11.5 5.0 5.4 0.0
76.3 10.1 6.7 6.9 0.0 0.0 0.0 0.0 0.0

Long Term #3 Medium/High Flow

Daily Average
Saturation

Percent Volume for Days Aver age Exceeded
<5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40

100
105
110
115
120
125

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
0.0 0.0 0.0 0.0 10.8 12.9 12.7 11.0 52.5
55,5 16.9 22.6 3.0 0.7 1.3 0.0 0.0 0.0
98.9 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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1.2.3 Lower Monumental Pool
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Figure 1.43: Time series plots at the FMS below Little Goose (LGSW) in Lower Monumental pool
compared with the 1-D simulation in a medium/high flow season (1996) for long term
scenarios.
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Table 1.53: Summary statistics of TDG saturation percentage of MASS2 and MASS1 time series
output for longterm scenarios in Lower Monumental pool in a medium flow season

(1996)
Location Base Line Longterm No.1 Longterm No.2 Longterm No.3
North number 3577.0 3577.0 3577.0 3577.0
FMS mean 110.8 109.2 107.0 107.1
median 108.2 106.4 106.5 106.7
minimum 99.1 99.1 99.1 99.1
lower quartile 101.8 101.7 101.7 101.7
upper quartile 119.0 116.5 112.0 112.0
10% exceedance 124.5 122.1 1141 114.1
maximum 130.3 129.2 117.8 117.8
standard deviation 8.9 8.1 5.2 5.2
Mid-channel number 3577.0 3577.0 3577.0 3577.0
mean 111.2 107.4 105.2 105.7
median 109.3 105.5 103.9 104.8
minimum 99.1 99.1 99.1 99.1
lower quartile 101.8 101.6 101.6 101.6
upper quartile 119.8 112.3 107.9 108.7
10% exceedance 124.8 117.6 111.3 112.2
maximum 130.7 129.3 122.9 122.9
standard deviation 9.2 6.7 4.4 4.5
South number 3577.0 3577.0 3577.0 3577.0
mean 110.0 104.3 103.5 104.4
median 107.3 103.8 103.1 103.9
minimum 99.0 99.0 99.0 99.1
lower quartile 101.7 101.6 101.5 101.6
upper quartile 117.0 106.4 105.2 106.5
10% exceedance 123.8 108.3 106.9 108.3
maximum 130.1 120.8 114.0 114.9
standard deviation 8.6 3.2 25 3.2
1-D FMS number 3577.0 3577.0 3577.0 3577.0
mean 112.2 108.2 106.3 106.9
median 110.2 106.9 105.5 106.4
minimum 99.8 100.4 100.4 100.4
lower quartile 103.1 102.9 102.9 102.9
upper quartile 120.6 112.7 109.3 110.1
10% exceedance 125.8 116.7 111.7 1125
maximum 132.7 127.9 120.0 120.7
standard deviation 9.1 5.8 3.8 4.1
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Table 1.54: Histogram table of TDG saturation percentage of MASS2 and MASS1 time series
output for longterm scenarios in Lower Monumental pool in a medium flow season

(1996)
Location TDG Range Base Line  Longterm No.1 Longterm No.2 Longterm No.3
Days % Days % Days % Days %
North less than 105 53 355 68 45.3 68 455 66 44.3
FMS 105-110 26 174 20 13.2 28 18.8 30 19.8
110- 115 19 128 19 12.9 48 32.3 48 32.5
115-120 19 127 20 13.4 5 3.4 5 3.4
120 - 125 20 134 20 13.3 0 0.0 0 0.0
125-130 12 8.0 3 1.9 0 0.0 0 0.0
above 130 0 0.2 0 0.0 0 0.0 0 0.0
Mid-channel less than 105 54 36.0 71 47.7 83 56.0 76 51.2
105-110 22 151 32 21.6 44 29.8 44 29.7
110- 115 17 115 21 13.9 16 10.7 23 15.3
115-120 19 131 16 10.9 5 3.2 5 3.5
120 - 125 23 15.2 8 5.1 1 0.4 1 0.4
125-130 13 8.9 1 0.7 0 0.0 0 0.0
above 130 0 03 0 0.0 0 0.0 0 0.0
South less than 105 57 38.0 90 60.7 108 72.1 88 59.4
105-110 28 185 51 34.4 40 26.7 53 35.7
110- 115 21 13.9 7 4.4 2 1.1 7 4.9
115-120 17 11.2 1 0.4 0 0.0 0 0.0
120 - 125 17 11.3 0 0.1 0 0.0 0 0.0
125-130 10 7.0 0 0.0 0 0.0 0 0.0
above 130 0 0.0 0 0.0 0 0.0 0 0.0
1-D FMS less than 105 50 334 62 41.4 67 45.1 62 415
105-110 24 16.2 34 23.0 51 34.2 49 32.7
110- 115 17 11.7 28 18.5 29 19.5 36 23.9
115-120 18 12.0 21 13.9 2 1.2 3 1.8
120 - 125 21 139 4 3.0 0 0.0 0 0.1
125-130 18 12.2 0 0.2 0 0.0 0 0.0
above 130 1 06 0 0.0 0 0.0 0 0.0
Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Figure 1.45: Time series plots of saturation at the FMS below Little Goose (LGSW) in Ice Har-
bor Pool from the long term hybrid simulations compared with the baseline hybrid
simulation in a medium/high flow season (1996)
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Figure 1.46: Comparision of simulated TDG saturation cumulative frequency distributions for sev-
eral points across the channel at the LGSW FMS location (SRM 70) in the Lower
Monumental Pool during a medium/high flow (1996) season.
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Table 1.59: Tabular histogram of that portion of the simulated Lower Monumental pool area where
daily average saturation exceeded the listed value during the Long Term simulations.

Baseline Medium/High Flow

Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 99.6
120 0.0 0.1 0.3 0.2 26.8 64.6 8.0 0.0 0.0
125 22.4  70.7 6.9 0.0 0.0 0.0 0.0 0.0 0.0

Long Term #1 Medium/High Flow

Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 1238 6.2 4.0 5.7 5.4 3.7 4.6 S57.7
115 45.4 3.5 3.1 8.4 8.4 11.8 6.7 12.6 0.0
120 67.5 9.5 16.8 6.1 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Long Term #2 Medium/High Flow

Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 41.7 55 3.6 6.9 10.9 9.1 5.8 8.1 8.3
115 98.3 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Long Term #3 Medium/High Flow

Daily Average Percent Area for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 353 5.1 4.3 12.0 8.2 9.8 10.2 15.1
115 97.6 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Table 1.60: Tabular histogram of that portion of the simulated Lower Monumental pool volume
where daily average saturation exceeded the listed value during the Long Term simu-

lations.
Baseline Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
115 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 99.7
120 0.0 0.1 0.3 0.1 23.1 69.9 6.6 0.0 0.0
125 22.4 717 5.9 0.0 0.0 0.0 0.0 0.0 0.0
Long Term #1 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 9.0 4.8 3.4 5.3 6.5 4.8 5.7 60.5
115 44.7 4.6 4.0 12.2 10.6 10.7 5.1 8.1 0.0
120 74.5 9.0 12.6 3.9 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Long Term #2 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 39.9 7.0 4.8 9.3 13.6 9.9 4.7 5.9 5.0
115 98.4 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Long Term #3 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded
Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
110 0.0 315 6.5 5.7 15.5 9.9 12.3 9.3 9.4
115 97.8 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10 1000 faWal faWal faWia) faWal faWal faWal faWal fal
120 1000 00 VR, SRV (SR 00— 00 0.0—06.0

A
= 2 S 1 | s i A 1 W == il B ——
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1.2.4 Little Goose Pool
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Figure 1.50: Time series plots at the FMS below Lower Granite (LGNW) in Little Goose Pool
compared with the 1-D simulation in a medium/high flow season (1996) for long
term scenarios.
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Table 1.61: Summary statistics of TDG saturation percentage of MASS2 and MASS1 time series
output for longterm scenarios in Little Goose pool in a medium flow season (1996)

Location Base Line Longterm No.1 Longterm No.2 Longterm No.3
North number 3577.0 3577.0 3577.0 3577.0
FMS mean 108.8 108.7 108.6 108.6
median 109.4 110.8 110.7 110.7
minimum 99.7 99.6 99.6 99.6
lower quartile 102.2 102.2 102.1 102.1
upper quartile 113.3 113.7 113.7 113.7
10% exceedance 117.5 115.2 115.2 115.2
maximum 123.8 118.0 118.0 118.0
standard deviation 6.1 5.7 5.7 5.7
Mid-channel number 3577.0 3577.0 3577.0 3577.0
mean 111.8 105.9 104.7 104.7
median 109.8 105.3 103.7 103.7
minimum 99.5 99.7 99.7 99.7
lower quartile 102.0 102.0 102.0 102.0
upper quartile 120.4 109.0 106.9 106.9
10% exceedance 126.0 111.3 109.3 109.3
maximum 134.7 120.2 117.3 117.3
standard deviation 9.9 4.3 3.5 3.5
South number 3577.0 3577.0 3577.0 3577.0
mean 104.0 102.5 102.3 102.3
median 102.0 101.8 101.7 101.7
minimum 98.7 98.7 98.7 98.7
lower quartile 101.2 100.9 100.8 100.8
upper quartile 103.8 102.5 102.4 102.4
10% exceedance 109.8 108.1 107.5 107.5
maximum 125.0 116.6 111.3 111.3
standard deviation 5.2 2.8 2.6 2.6
1-D FMS number 3577.0 3577.0 3577.0 3577.0
mean 109.3 105.6 104.8 105.7
median 109.1 105.5 104.7 105.8
minimum 99.6 99.6 99.6 99.6
lower quartile 102.1 102.0 102.0 102.0
upper quartile 114.5 108.4 107.0 108.6
10% exceedance 119.3 110.0 109.1 110.0
maximum 130.4 117.5 113.5 117.1
standard deviation 7.4 3.7 3.0 3.7
June 28, 2000 DRAFT-1 Battelle Pacific Northwest Division
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Table 1.62: Histogram table of TDG saturation percentage of MASS2 and MASS1 time series
output for longterm scenarios in Little Goose pool in a medium flow season (1996)

Location TDG Range Base Line  Longterm No.1 Longterm No.2 Longterm No.3
Days % Days % Days % Days %

North less than 105 55 36.8 57 38.4 57 38.4 57 38.4
FMS 105-110 27 18.2 14 9.5 15 10.1 15 10.1
110- 115 41 27.4 59 39.7 59 39.3 59 39.3

115-120 22 146 18 12.4 18 12.2 18 12.2

120 - 125 4 3.0 0 0.0 0 0.0 0 0.0

125-130 0 0.0 0 0.0 0 0.0 0 0.0

above 130 0 0.0 0 0.0 0 0.0 0 0.0

Mid-channel less than 105 61 41.1 72 48.3 91 60.8 91 60.8
105-110 14 95 52 34.6 47 31.7 47 31.7

110- 115 13 8.6 19 12.7 9 6.2 9 6.2

115-120 22 15.0 6 4.4 2 1.3 2 1.3

120 - 125 21 140 0 0.1 0 0.0 0 0.0

125-130 13 84 0 0.0 0 0.0 0 0.0

above 130 5 34 0 0.0 0 0.0 0 0.0

South lessthan 105 115 77.2 127 85.1 130 87.1 130 87.1
105-110 20 13.3 18 12.1 16 11.0 16 11.0

110- 115 4 29 4 2.7 3 1.9 3 1.9

115-120 4 2.7 0 0.1 0 0.0 0 0.0

120 - 125 6 3.9 0 0.0 0 0.0 0 0.0

125-130 0 0.0 0 0.0 0 0.0 0 0.0

above 130 0 0.0 0 0.0 0 0.0 0 0.0

1-D FMS less than 105 61 40.7 69 46.1 79 52.8 66 44.6
105-110 21 143 66 44.1 62 41.9 67 45.2

110- 115 33 221 13 8.5 8 5.3 13 9.0

115-120 22 146 2 14 0 0.0 2 1.1

120 - 125 6 4.4 0 0.0 0 0.0 0 0.0

125-130 6 3.9 0 0.0 0 0.0 0 0.0

above 130 0 01 0 0.0 0 0.0 0 0.0

Battelle Pacific Northwest Division DRAFT-1 June 28, 2000
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Figure 1.52: Time series plots of saturation at the FMS below Lower Granite (LGNW) in Little
Goose Pool from the long term hybrid simulations compared with the baseline hybrid
simulation in a medium/high flow season (1996)

June 28, 2000 DRAFT-1 Battelle Pacific Northwest Division
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Figure 1.53: Comparision of simulated TDG saturation cumulative frequency distributions for sev-
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1. System-wide Two-Dimensional Simulation Results 133

Table 1.67: Tabular histogram of that portion of the simulated Little Goose pool area where daily
average saturation exceeded the listed value during the Long Term simulations.

Baseline Medium/High Flow

Daily Average

Percent Area for Days Average Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.4 99.4
110 0.0 0.4 1.3 2.9 5.3 5.4 7.5 4.9 72.3
115 0.7 11.3 21.7 4.9 3.6 5.1 5.9 8.1 38.6
120 3.8 4438 12.5 31.4 3.2 1.3 1.1 0.9 1.1
125 53.8 426 1.4 1.6 0.4 0.2 0.0 0.0 0.0

Long Term #1 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.1 2.1 12.4 6.9 3.9 74.7
110 20 343 20.6 5.3 4.1 5.6 6.0 5.1 17.0
115 91.6 6.4 0.9 1.0 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Long Term #2 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.4 23.3 11.7 3.2 3.1 58.1
110 40.3 19.3 14.0 4.1 4.4 4.5 2.6 1.9 9.0
115 96.2 2.0 0.8 0.9 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Long Term #3 Medium/High Flow
Daily Average Percent Area for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.4 23.3 11.7 3.2 3.1 58.1
110 40.3 19.3 14.0 4.1 4.4 4.5 2.6 1.9 9.0
115 96.2 2.0 0.8 0.9 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 1.68: Tabular histogram of that portion of the simulated Little Goose pool volume where
daily average saturation exceeded the listed value during the Long Term simulations.

Baseline Medium/High Flow

Daily Average

Percent Volume for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 99.6
110 0.0 0.3 0.8 1.8 3.0 4.0 6.3 4.7 79.0
115 0.5 7.1 19.2 4.9 3.5 5.3 7.4 10.4 41.7
120 2.7 39.6 15.9 33.6 3.6 1.3 1.2 1.0 1.1
125 43.9 52.2 1.5 1.7 0.4 0.3 0.0 0.0 0.0

Long Term #1 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.1 1.3 7.9 5.5 3.5 81.6
110 0.8 29.2 24.7 7.4 55 7.3 7.3 4.7 13.2
115 92.9 5.9 0.6 0.6 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Long Term #2 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded

Saturation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.3 16.9 10.8 3.2 3.4 65.3
110 34.0 24.7 18.3 4.7 4.4 3.9 1.8 1.4 6.7
115 97.4 1.5 0.5 0.6 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Long Term #3 Medium/High Flow
Daily Average Percent Volume for Days Aver age Exceeded

Satur ation <5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >140
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
105 0.0 0.0 0.0 0.3 16.9 10.8 3.2 3.4 65.3
110 34.0 24.7 18.3 4.7 4.4 3.9 1.8 1.4 6.7
115 97.4 15 0.5 0.6 0.0 0.0 0.0 0.0 0.0
120 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
125 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

June 28, 2000

DRAFT-1 Battelle Pacific Northwest Division



1. System-wide Two-Dimensional Simulation Results 135

1.3 Full pool Basdline Scenario

1.3.1 McNary Pool
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1.3.2 IceHarbor Pool
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1.3.3 Lower Monumental Pool
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1.3.4 Little Goose Pool
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